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Anordning for positionsbestamning medelst radiovagor. 

5 

TEKNISKT OMRADE 

Uppfinningen avser en anordning for positionsbestamning medelst radiovagor, 
foretradesvis mikro vigor. Sarskilt avses successiv positionsbestamning av fordon pa 
10 en vagbana. 

TEKNIKENS STANDPUNKT 

15 Vid en metod for positionsbestamning m h a radiovagor, s k inmatning, utsands en 
radiosignal, foretradesvis inom mikrovagsomradet, dar signalen har god riktverkan 
och egenskapen art reflekteras fran foremal, altemativt aterutsandas med harfor avsedd 
anordning. Den reflekterade signalen mottas med tva antenner, vilka ar arrangerade sa 
att de ar distanserade fran varandra i ett plan huvudsakligen vinkelratt mot riktningen 

20 till foremalet. Genom avstandet mellan antennerna kommer en av foremalet reflekte- 
rad vag att fa en langre fardstracka till den ena antennen an till den andra. Denna skill- 
nad i tillryggalagd stracka ger upphov till en fasskillnad mellan de mottagna signal- 
erna. Ur fasskillnaden kan en referensvinkel till foremalet i forhallande till antennerna 
beraknas i ett plan som bildas av antenner och foremal. Ett sadant forfarande beskrivs 

25 t ex i svenska patentansokan nr 8403564-1 . Pa detta satt svarar varje position hos 
foremalet mot en viss fasskillnad. 

Metoden visas geometriskt i figur 1 . Antennerna 1 och 2 ar placerade pa ett avstand d 
fran varandra. Foremalet 3, eller vanligtvis en s k transponder pa detta foremal, vars 
30 position ska bestammas, reflekterar den utsanda vagen i riktning mot antennerna 1 och 
2. Genom att antennerna ar distanserade avstandet d fran varandra, uppkommer en 
skillnad AL i tillryggalagd stracka. Skillnaden AL ger upphov till en fasskillnad Acp = 
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<Pi - (p 2 , dar cpi och cp 2 ar fasvinkeln for den mottagna signalen vid antennerna 1 
respektive 2. Ur denna fasskillnad A<p kan den geometriska vinkeln 0 beraknas, sin 0 



Vinkeln 0 ar saiedes periodiskt beroende av fasskillnaden A<p, sasom framgar av figur 
2. Detta innebar att det finns ett intervall utanfor vilket vinkeln 6 inte langre ar en- 
tydig, utan kan svara mot mer an en position. Detta intervall ar omvant beroende av 
avstandet d,d vs intervallet okar da d minskar. Man onskar saiedes ur denna syn- 
vinkel ha ett sa litet avstand d som mojligt for att uppna ett stort entydighetsomrade 
for vinkeln 0. 

For att uppna god riktverkan i en antenn byggs denna upp av flera antennelement, for 
att bilda s k gruppantenner. Ett sadant arrangemang ger naturligtvis antennerna en viss 
fysisk utbredning och begransar darmed avstandet d nedat. Avstandet d i figur 1 avser 
for ett par av gruppantenner avstandet mellan respektive antenncentrum. 

Kravet pa god riktverkan star darmed i konflikt med kravet pa stort entydighetsom- 
rade. Uppfinningen anger en anordning for att uppfylla kravet pa god riktverkan 
samtidigt som kravet pa stort entydighetsomrade uppratthalls. 

REDOGORELSE FOR UPPFINNINGEN 

Uppfinningen ar inriktad mot att uppna ett litet avstand mellan minst tva gruppantenn- 
ers centrum och anda medge en stor utbredning for respektive gruppantenn for att 
medge bade god riktverkan och ett stort entydighetsomrade. Detta astadkoms enligt 
uppfinningsaspekten genom att antennelement hos gruppantennerna invaves i 
varandra pa ett sadant satt att antenncentrum for gruppantennerna befinner sig pa ett 
inbordes litet avstand. Detta astadkoms enligt uppfinningen genom koppling av de 
olika antennelementen i gruppantennerna, sa att de central a antennelementen i 
respektive gruppantenn ar inrattade att ligga nara varandra. 



AT. oc A(p. 
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FIGURBESKRIVNING 

Figur 1 och 2 hanfor sig till uppfinningens grundprinciper och har beskrivits ovan 
sasom kand teknik, medan figur 3, 4 och 5 hanfor sig till en aspekt av uppfinningen. 

Figur 1 visar en schematisk bild av en matprincip dar fasskillnaden mellan tva i 

antenner mottagna signaler analyseras for positionsbestamning av ett foremal 
genom vinkelmatning med antennerna placerade pa ett bestamt avstand fran 
varandra. 

Figur 2 aterger den geometriska vinkelawikelsen for foremalet som funktion av 
fasskillnaden. 

Figur 3 visar ett antennarrangemang enligt uppfinningen i frontal vy. 
Figur 4 visar ett alternativt antennarrangemang enligt uppfinningen. 
Figur 5 visar ett blockschema for en inmatningsanordning som nyttjar ett 
antennarrangemang enligt uppfinningsaspekten. 

UTFO RINGS FORMER 

I figur 5 visas en anordning for positionsbestamning av ett foremal som fardas langs 
en bana. Anordningen innef attar en forstarkar- och signalbehandlingsenhet 17 anslut- 
en till en signalprocessor 18 och ett antennarrangemang 4 med tva gruppantenner 1 
och 2, dar gruppantennerna ar ordnade langs en forsta axel vinkelrat mot foremalets 
fardriktning. Antennarrangemanget bestar av tva grupper av ledande ytor, antenn- 
element, enligt figur 3. Gruppantennen 1 bildas av de fern ytorna, antennelementen, 5 
- 9 pa ett sadant satt att antennelementen 6 - 9 ar placerade perifert kring det central a 
antennelementet 5. Pa samma satt bildas gruppantenn 2 av det centrala antennelement- 
et 10 och de perifera antennelementen 1 1 - 14. Genom de utgaende ledningarna 15 
och 16 binds antennelementen inom respektive grupp samman sa att de bildar de tva 
gruppantennerna 1 och 2. Genom det beskrivna arrangemanget symmetriskt anordnat 
kring de centrala antennelementen 5 resp 10, bildar dessa centrala ytor i form av 
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antennelement respektive gruppantenns fascentrum. Avstandet mellan dessa bada 
fascentrum utgor saledes avstandet d i figur 1. 

Antennens 1 bredd stracker sig fran vanstra kanten av antennelementen 6 och 8 till 
hogra kanten av antennelementen 7 och 9. B redden for antennen 2 stracker sig fran 
vanstra kanten av antennelementen 1 1 och 13 till hogra kanten av antennelementen 12 
och 14. Om antennerna lades sida vid sida skulle detta innebara att avstandet d mellan 
respektive fascentrum 5 och 10 skulle bli minst lika stort som en gruppantenns total a 
bredd, och i praktiken mer eftersom det maste flnnas en viss distans mellan de yttersta 
antennelementen i resp gruppantenn 1 , 2. Som framgar av figur 3 sa ar emellertid av- 
standet mellan fascentrum betydligt mindre, vilket saledes astadkommits genom att de 
olika antennelementen kopplats, i denna utforingsform genom att lata gruppantenn- 
erna vara invavda i varandra. 

Den beskrivna principen kan utnyttjas aven i mer komplicerade antennarrangemang. 
Saledes kan vinkelmatning forfinas genom att fler an tva antenner placeras i ett sadant 
arrangemang, dvs med antennerna ordnade langs den forsta axeln. Matnoggrannheten 
forbattras naturligtvis om man kan medelvardesbilda over ett stort antal matresultat. 

En annan fordel med att anvanda mer an tva gruppantenner inrattade pa samma axel 
ges av foljande. Om avstandet d mellan tva gruppantenners centrum okas, innebar 
detta att strackan AL okar for varje vinkel 0. Om strackan AL okas medfor detta en 
okad fasskillnad A(p for varje vinkelandring, dvs upplosningen forbattras. Aterigen 
kommer detta i konflikt med kravet pa entydighet. Genom att inratta flera gruppan- 
tenner i rad pa samma axel, t ex tre antenner benamnda A, B och C i namnd ordning 
kan den beskrivna konflikten lbsas. Genom att anvanda den uppmatta fasskillnaden ur 
data erhillna fran antennerna A och B for entydigheten och den uppmatta fasskill- 
naden mellan antennerna A och C for att erhalla en battre upplosning kan bada 
onskemalen tillgodoses. 



Det ar aven mojligt att anordna antenner utefter flera axlar och darigenom medge in- 
matning i flera plan. Genom att placera ytterligare minst ett par gruppantenner langs 
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en axel i huvudsak vinkelrat mot den forsta axeln och i huvudsak vinkelratt mot fbre- 
malets fardriktning, sa kan saledes en referensvinkel till foremalet i forhallande till 
antennerna bestammas i vardera av de tva mot varandra huvudsakligen vinkelrata plan 
som bildas av foremalet och respektive axel pa vilken antennpar ar ordnade. Om fore- 
5 milet som ett exempel utgors av ett fordon som fardas pa en vagbana, dar gruppan- 
tenner anordnats langs en horisontell forsta axel pa en sadan hojd over vagbanan art 
fordon kan passera under antennerna definieras ett i huvudsak horisontellt forsta plan 
genom antennerna 1, 2 och fordonet 3. 1 detta horisontella plan kan harvid en azimut- 
vinkel 0 till fordonet bestammas, som beskrivits, genom bestamning av fasvinkeln <p. 

10 Genom att inratta gruppantenner langs en andra axel som ar vinkelrat mot den forsta 
axeln och i huvudsak vinkelrat mot vagbanan blir det pa motsvarande satt mojligt att 
bestamma en elevations vinkel till fordonet, dar elevations vinkeln refererar till den 
lodrata andra axeln. Via kannedom om bade azimut- och elevations vinkeln sett fran 
de bada uppsattningarna av antenner bestammes ur dessa vinklar fordonets position i 

15 forhallande till antennerna 

En alternativ utforingsform med koppling enligt uppfinningen mellan de olika 
delytorna uppkommer genom att vissa antennelement anordnas att inga i tva eller flera 
gruppantenner. Utforingsformen beskrivs schematiskt i flgur 4 for fallet med 

20 inmatning i tva dimensioner. I detta fall utgors antennen 20 av minst 3 gruppantenner. 
Gruppantennen 21 utgors av antennelementen 24 - 26, 28 - 30 och 32 - 34, dar 29 
utgor fascentrum. Gruppantennen 22 utgors av antennelementen 25 - 27, 29 - 31, och 
33 - 35, med 30 som fascentrum. Gruppantenn 23 utgors av antennelementen 28 - 30, 
32 - 34 och 36 - 38, med 33 som fascentrum. Saledes anvands flera antennelement av 

25 fler an en gruppantenn. Detta later sig goras genom effektforstarkning av de mottagna 
signalerna fran atminstone dessa antennelement och darefter tillampa effektdelning pa 
den forstarkta signalen. I denna utforandeform erhalls samma korta avstand d som i 
den tidigare utforingsformen. 
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PATENTKRAV 

1 . Anordning vid bestamning av ett fordons position pa en bana genom anvandning 
av radiovagor som utsands fran anordningen och reflekteras av fordonet och 

5 mottas av minst tva gruppantenner (1,2) anordnade tvars banan, kannetecknad 

av att gruppantennerna (1,2) innef attar ett antal antennelement (5 - 14), varav ett 
av antennelementen i respektive gruppantenn utgor gruppantennernas fascentrum 
(5, 10) och dar gruppantennernas antennelement (5 - 14) ar kopplade till varandra 
sa att avstandet (d) mellan fascentrum (5, 10) for de ingaende gruppantennerna (1, 
10 2) ar mindre an en enskild gruppantenns (1,2) halva bredd. 

2. Anordning enligt patentkrav 1, kannetecknad av att kopplingen bestir i att 
gruppantennerna (1, 2) ar invavda i varandra, genom att en gruppantenns 
fascentrum (5, 10) ar anordnad inne bland en annan gruppantenns (1,2) 

15 antennelement (11 - 14, 6 - 9). 

3. Anordning enligt patentkrav 2, kannetecknad av att respektive gruppantenns (1, 
2) fascentrum (5, 10) ar placerade intill varandra. 

20 4. Anordning enligt patentkrav 2, kannetecknad av att vissa av antennelementen (24 
- 38) samtidigt ar kopplade till mer an en gruppantenn (21, 22, 23). 

5. Anordning enligt patentkrav 4, kannetecknad av att signaler erhallna fran 
antennelement (24 - 38) som utnyttjas av mer an en gruppantenn (21, 22, 23) 

25 effektforstarks, varefter den forstarkta signalen effektdelas pa resp gruppantenn 

(21,22, 23). 

6. Anordning enligt nagot av foregaende patentkrav, kannetecknad av att en 
azimutvinkel 0 till fordonet (3) bestammes fran en antennposition dar minst ett 

30 par huvudsakligen horisontellt inrattade gruppantenner (1,2) anordnats. 
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7. Anordning enligt patentkrav 6, kannetecknad av att en elevationsvinkel till 
fordonet (3) bestammes fran en antennposition dar minst ett par huvudsakligen 
lodratt inrattade gruppantenner anordnats. 

5 8. Anordning enligt patentkrav 7, kannetecknad av att fordonets position i 

fdrhallande till antennerna bestammes via kannedom om azimutvinkeln 0 och 
elevationsvinkeln. 



10 



884 SE 




8 




PCT/ S 



'v / 00 9 36 



3 1 -05- 1999 



5 



SAMMANDRAG 

En anordning vid bestamning av ett fordons position pa en bana genom anvandning av 
10 radio vagor som utsands fran anordningen och reflekteras av fordonet och mottas av 
minst tva gruppantenner (1,2) anordnade tvars banan, dar gruppantennerna (1,2) 
innef attar ett antal antennelement (5 - 14), varav ett av antennelementen i respektive 
gruppantenn utgor gruppantennernas fascentrum (5, 10) och dar gruppantennernas 
antennelement (5 - 14) ar kopplade till varandra sa att avstandet (d) mellan fascentrum 



15 (5, 10) for de ingaende gruppantennerna (1, 2) ar mindre an en enskild gruppantenns 
(1,2) halva bredd. (Fig. 3). 
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1 . Statement 



Novelty (N) Claims 1-8 YES 

Claims NO 



Inventive step (IS) Claims 1-8 YES 

Claims NO 

Industrial applicability (IA) Claims 1-8 YES 

Claims NO 



2. Citations and explanations 

The claimed invention relates to a device for determining the 
position of a vehicle by using radio waves, which are emitted 
from the device and reflected by the vehicle and received by 
two array antennas. The problem is to achieve a small distance 
between the array antennas. According to the invention the 
array antennas are interleaved such that the distance between 
the phase centres of the array antennas is smaller than half 
the width of an individual array antenna. 

During the international search the following documents were 
found: 

Dl : WO 8600716 Al 
D2 : WO 9219021 Al 
D3 : US 5546095 A 

The documents cited as category Y in the search report are 
reconsidered. 

Dl discloses a device for determining the position of a 
vehicle comprising two array antennas for measuring the phase 
difference between reflected signals (see figures 1 and 4) . 

D2 discloses at least two interleaved array antennas. The 
distance between the phase centres of the array antennas is 
smaller than half the width of an individual array antenna 
(see page 5, lines 20-33, figure 3) . 

D3 discloses two interleaved array antennas with some of the 
antenna elements connected to both antennas. The distance 
between the phase centres of the array antennas is equal to 
half the width of an individual array antenna (see figures 1 
and 2) . 

.../... 
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Continuation of: BOX V . 

However, the need of decreasing the distance between the phase 
centres of the antennas is not discussed in Dl and use of 
interleaved array antennas for determining position by phase 
measurements is not suggested in D2 . Therefore, it is not 
considered obvious to a person skilled in the art to arrive at 
a device according to claim 1 by combining documents Dl and 
D2. 

The invention claimed in claims 1-8 is considered to be novel 
(N) , to involve an inventive step (IS) and also to have 
industrial applicability (IA) . 
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(57) Abstract 



A device for determining the position of a vehicle on a roadway by using radio waves which are emitted from the device and reflected 
by the vehicle and received by at least two array antennas (1,2) arranged across the roadway, wherein the array antennas (I, 2) comprise 
a number of antenna elements (5-14), one of the antenna elements in the respective array antenna constituting the phase center (5, IO) ot 
the array antennas, and wherein the antenna elements (5-14) of the array antennas are connected to one another such that the distance (d) 
between the phase centers (5, 10) of the array antennas (1,2) included is smaller than half the width of an individual array antenna (1,2). 
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DEVICE FOR POSITION DETERMINATION BY MEANS OF RADIO WAVES 



TECHNICAL FIELD 

5 The invention relates to a device for position 

determination by means of radio waves, preferably 
microwaves. In particular, it relates to successive 
position determination of vehicles on a roadway. 

10 BACKGROUND ART 

In a method for position determination by means of radio 
waves, so-called measuring in, a radio signal is emitted, 
preferably within the microwave range, where the signal 

15 has good directivity and the property of being reflected 

from objects, or, alternatively, of being reemitted with a 
device intended therefor. The reflected signal is received 
with two antennas, which are arranged so as to be at a 
distance from each other in a plane substantially perpen- 

20 dicular to the direction to the object. By the distance 

between the antennas, a wave reflected by the object will 
have a longer distance of travel to one of the antennas 
than to the other. This difference in the distance covered 
gives rise to a phase difference between the received 

25 signals. From the phase difference, a reference angle to 
the object in relation to the antennas may be calculated 
in a plane which is formed by antennas and object. Such a 
method is described, for example, in Swedish patent appli- 
cation No. 8403564-1. In this way, each position of the 

3 0 object corresponds to a certain p^ase difference. 

The method is shown geometrically in Figure 1. The 
antennas 1 and 2 are placed at a distance d from each 
other. The object 3, or usually a so-called transponder on 
3 5 this object, the position of which is to be determined, 
reflects the emitted wave in a direction towards the 
antennas 1 and 2 . Because the antennas are spaced at the 
distance d from each other, a difference AL in the .dis- 
tance covered arises. The difference AL gives rise to a 



WO 99/67655 PCT/SE99/00936 



2 

Phase difference Acp = ( Pl - cp ; , where <p t and cp ; are the phase 
angle for the signal received at the antennas 1 and 2, 
respectively. From this phase difference Acp, the 
geometrical angle 0 may be calculated, sin 6 * AL « Acp . 

5 

The angle G is thus periodically dependent on the phase 
difference Acp, as is clear from Figure 2. This means that 
there is an interval outside of which the angle 0 is no 
longer unambiguous but may correspond to more than one 
10 position. This interval is inversely dependent on the 3 
distance d, that is, the interval increases when d 
decreases. Thus, from this point of view, it is desired to 
have as small a distance d as possible to achieve a large ^% 
unambiguous region for the angle 0. 

15 

To achieve good directivity in an antenna, it is composed 
of a plurality of antenna elements to form so-called array 
antennas . Such an arrangement, of course, gives the 
antennas a certain physical extent and thus limits the 
distance d downward. The distance d in Figure 1 relates, 
for a pair of array antennas, to the distance between the 
respective antenna centers . 

Hence, the requirement for good directivity conflicts with 
25 the requirement for a large unambiguous region. The inven- ^ 
tion suggests a device for satisfying the requirement for 
good directivity while at the same time maintaining the 
requirement for a large unambiguous region. 

3 0 SUMMARY OF THE INVENTION 

The invention is directed towards achieving a small 
distance between the centers of at least two array 
antennas while still allowing a large extent for the 
3 5 respective array antenna in order to permit both good 
directivity and a large unambiguous region. This is 
achieved according to the aspect of the invention by 
interweaving antenna elements of the array antennas' with 
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one another in such a way that the antenna centers for the 
array antennas are at a small mutual distance. This is 
achieved according to the invention by connecting the 
various antenna elements in the array antennas such that 
the central antenna elements in the respective array 
antenna are arranged close to one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 relate to the basic principles of the 
invention and are described above as prior art, whereas 
Figures 3, 4 and 5 relate to one aspect of the invention. 

Figure 1 is a schematic picture of a principle of measure- 
ment in which the phase difference between two 
signals received in antennas are analyzed for 
position determination of an object by angular 
measurement with the antennas placed at a 
definite distance from one another, 

Figure 2 illustrates the geometrical angular deviation for 
the object as a function of the phase difference, 

Figure 3 shows an antenna arrangement according to the 
invention in a frontal view, 

Figure 4 shows an alternative antenna arrangement 
according to the invention, 

Figure 5 shows a block diagram for a device for measuring 
in, which utilizes an antenna arrangement 
according to the aspect of the invention. 

DESCRIPTION OF EMBODIMENTS 

Figure 5 shows a device for position determination of an 
object which travels along a path. The device comprises an 
amplification and signal-processing unit 17 connected to a 
signal processor 18 and an antenna arrangement 4 with two 
array antennas 1 and 2, the array antennas being arranged 
along a first axis perpendicular to the direction of 
travel of the object. The antenna arrangement comprises 
two arrays of conducting surfaces, antenna elements, 
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according to Figure 3 . The array antenna i is formed of 
the five surfaces, antenna elements, 5-9 in such a way 
that the antenna elements 6-9 are placed peripherally 
around the central antenna element 5. In the same way, 
array antenna 2 is formed of the central antenna element 
10 and the peripheral antenna elements 11-14. Through the 
output conductors 15 and 16, the antenna elements within 
the respective array are joined together to form the two 
array antennas 1 and 2 . By means of the arrangement 
described, symmetrically arranged around the central 
antenna elements 5 and 10, respectively, these central 
surfaces, in the form of antenna elements, form the phase 
center of the respective array antenna. The distance 
between these two phase centers thus constitutes the 
distance d in Figure 1. 

The width of the antenna 1 extends from the lefthand edge 
of the antenna elements 6 and 8 to the righthand edge of 
the antenna elements 7 and 9. The width of the antenna 2 
extends from the lefthand edge of the antenna elements 11 
and 13 to the righthand edge of the antenna elements 12 
and 14. If the antennas were placed side by side, this 
would mean that the distance d between the respective 
phase centers 5 and 10 would become at least as large as 
the total width of an array antenna, and in practice more 
since there has to be a certain distance between the 
outermost antenna elements in the respective array antenna 
1, 2. As is clear from Figure 3, however, the distance 
between the phase centers is considerably smaller, which J 
thus is achieved by interconnecting the various antenna 
elements, in this embodiment by allowing the array 
antennas to be interwoven with one another. 

The principle described may be utilized also in more 
complicated antenna arrangements. Thus, angle measurement 
may be refined by placing more than two antennas in such 
an arrangement, that is, with the antennas arranged along 
the first axis. The accuracy of measurement is, of -course, 
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improved if it. is possible to form the mean value over a 
large number of measurement results . 

Another advantage of using more than two array antennas 
aligned on the same axis is given by the following. If the 
distance d between the centers of two array antennas 
increases, this implies that the distance AL increases for 
each angle 6. If the distance AL is increased, this implies 
an increased phase difference A(p for each change of angle, 
that is, the resolution is improved. Again, this comes 
into conflict with the requirement for unambigui ty . By 
arranging a plurality of array antennas in a row on the 
same axis, for example, three antennas designated A, B and 
C in the mentioned order, the described conflict may be 
solved. By using the measured phase difference from data 
obtained from antennas A and B for the unambigui ty and the 
measured phase difference between antennas A and C for 
obtaining an improved resolution, both requirements may be 
satisfied . 

It is also possible to arrange antennas along several axes 
and hence permit measuring in at several planes. By 
placing at least one additional pair of array antennas 
along an axis substantially perpendicular to the first 
axis and substantially perpendicular to the direction of 
travel of the object, a reference angle to the object in 
relation to the antennas may thus be determined in each of 
the two planes, substantially perpendicular to each other, 
which are formed by the object and the respective axis on 
which pairs of antennas are arranged. If, as an example, 
the object consists of a vehicle travelling on a roadway, 
where array antennas are arranged along a horizontal first 
axis at such a height above the roadway that vehicles may 
pass under the antennas, a substantially horizontal first 
plane is defined by the antennas 1, 2 and the vehicle 3. 
In this horizontal plane, an azimuth angle 9 to the vehicle 
may be determined, as described, by determining the phase 
angle (p. By arranging array antennas along a second axis, 
which is perpendicular to the first axis and substantially 
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perpendicular to the roadway, it is made correspondingly 
possible to determine an angle of elevation to the 
vehicle, where the angle of elevation refers to the 
vertical second axis. With knowledge of both the azimuth 
angle and the angle of elevation, as viewed from the two 
arrays of antennas, the position of the vehicle in 
relation to the antennas is determined from these angles. 

An alternative embodiment with connection, according to 
the invention, between the different part surfaces arises 
by arranging certain antenna elements so as to be included 
in two or more array antennas. The embodiment is described 
schematically in Figure 4 for the case of measuring in in 
two dimensions. In this case, the antenna 20 comprises at 
15 least three array antennas. The array antenna 21 consists 
of the antenna elements 24-26, 28-30 and 32-34, where 29 
constitutes the phase center. The array antenna 22 
consists of the antenna elements 25-27, 29-31, and 33-35, 
with 3 0 being the phase center. The array antenna 23 
consists of the antenna elements 28-30, 32-34 and 36-38, 
with 33 being the phase center. Thus, several antenna 
elements are used by more than one array antenna. This is 
made possible by power amplification of the signals 
received from at least these antenna elements and 
25 thereafter by applying power division to the amplified 

signal. In this embodiment, the same short distance d is 
obtained as in the previous embodiment. 
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CLAIMS 

1. A device for determining the position of a vehicle on a 
roadway by using radio waves which are emitted from the 
device and reflected by the vehicle and received by at 
least two array antennas (1, 2) arranged across the 
roadway, characterized in that the array antennas (1, 2} 
comprise a number of antenna elements (5-14), one of the 
antenna elements in the respective array antenna con- 
stituting the phase center (5, 10) of the array antennas, 
and wherein the antenna elements (5-14) of the array 
antennas are connected to one another such that the 
distance (d) between the phase centers (5, 10} of the 
array antennas (1, 2) included is smaller than half the 
width of an individual array antenna (1, 2). 

2. A device according to claim 1, characterized in that 
the connection comprises interweaving the array antennas 
(1, 2) with each other in that the phase center (5, 10) of 
one array antenna is arranged among the antenna elements 
(11-14, 6-9) of another array antenna (1, 2). 

3. A device according to claim 2, characterized in that 
the phase centers (5, 10) of the respective array antennas 
(1, 2) are placed close to each other. 

4. A device according to claim 2, characterized in that 
some of the antenna elements (24-38) are at the same time 
connected to more than one array antenna (21, 22, 23). 

5. A device according to claim 4, characterized in that 
signals obtained from antenna elements (24-38) which are 
utilized by more than one array antenna (21, 22, 23) 
undergo power amplification, followed by power division of 
the amplified signal on the respective array antenna (21, 
22, 23) . 

6. A device according to any of the preceding claims, 
characterized in that an azimuth angle 0 to the vehicle (3) 
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is determined from an antenna position where at least one 
pair of substantially horizontally arranged array antennas 
(1, 2) is arranged. 

7. A device according to claim 6, characterized in that an 
angle' of elevation to the vehicle (3) is determined from 
an antenna position where at least one pair of substan- 
tially vertically arranged array antennas is arranged. 

8. A device according to claim 7 , characterized in that 
the position of the vehicle in relation to the antennas is 
determined by means of knowledge of the azimuth angle 0 and 
the angle of elevation. 
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DEVICE FOR POSITION DETERMINATION BY MEANS OF RADIO WAVES 

TECHNICAL FIELD 

5 The invention relates to a device for position 

determination by means of radio waves, preferably 
microwaves. In particular, it relates to successive 
position determination of vehicles on a roadway. 

10 BACKGROUND ART 

In a method for position determination by means of radio 
waves, so-called measuring in, a radio signal is emitted, 
preferably within the microwave range, where the signal 

15 has good directivity and the property of being reflected 

from objects, or, alternatively, of being reemitted with a 
device intended therefor. The reflected signal is received 
with two antennas, which are arranged so as to be at a 
distance from each other in a plane substantially perpen- 

20 dicular to the direction to the object. By the distance 

between the antennas, a wave reflected by the object will 
have a longer distance of travel to one of the antennas 
than to the other. This difference in the distance covered 
gives rise to a phase difference between the received 

25 signals. From the phase difference, a reference angle to 
the object in relation to the antennas may be calculated 
in a plane which is formed by antennas and object. Such a 
method is described, for example, in Swedish patent appli- 
cation No. 8403564-1. In this way, each position of the 

30 object corresponds to a certain phase difference. 

The method is shown geometrically in Figure 1. The 
antennas 1 and 2 are placed at a distance d from each 
other. The object 3, or usually a so-called transponder on 
3 5 this object, the position of which is to be determined, 
reflects the emitted wave in a direction towards the 
antennas 1 and 2 . Because the antennas are spaced at the 
distance d from each other, a difference AL in the .dis- 
tance covered arises. The difference AL gives rise to a 
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phase difference Acp = cp, - (p 2 , where ^ and cp 2 are the phase 
angle for the signal received at the antennas 1 and 2, 
respectively. From this phase difference Acp, the 
geometrical angle 0 may be calculated, sin 0 « AL « Af 

The angle 6 is thus periodically dependent on the phase 
difference A(p,. as. is clear from Figure 2. This means that 
there is an interval outside of which the angle B is no 
longer unambiguous but may correspond to more than one 
position. This interval is inversely dependent on the 
distance d, that is, the interval increases when d 
decreases. Thus, from this point of view, it is desired to 
have as small a distance d as possible to achieve a large 
unambiguous region for the angle 0. 

To achieve good directivity in an antenna, it is composed 
of a plurality of antenna elements to form so-called array 
antennas. Such an arrangement, of course, gives the 
antennas a certain physical extent and thus limits the 
distance d downward. The distance d in Figure 1 relates, 
for a pair of array antennas, to the distance between the 
respective antenna centers. 

Hence, the requirement for good directivity conflicts with 
the requirement for a large unambiguous region. The inven- 
tion suggests a device for satisfying the requirement for 
good directivity while at the same time maintaining the 
requirement for a large unambiguous region. 

SUMMARY OF THE INVENTION 

The invention is directed towards achieving a small 
distance between the centers of at least two array 
antennas while still allowing a large extent for the 
respective array antenna in order to permit both good 
directivity and a large unambiguous region. This is 
achieved according to the aspect of the invention by 
interweaving antenna elements of the array antennas with 
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one another in such a way that the antenna centers for the 
array antennas are at a small mutual distance. This is 
achieved according to the invention by connecting the 
various antenna elements in the array antennas such that 
the central antenna elements in the respective array 
antenna are arranged close to one another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 relate to the basic principles of the 
invention and are described above as prior art, whereas 
Figures 3, 4 and 5 relate to one aspect of the invention. 

Figure 1 is a schematic picture of a principle of measure- 
ment in which the phase difference between two 
signals received in antennas are analyzed for 
position determination of an object by angular 
measurement with the antennas placed at a 
definite distance from one another, 

Figure 2 illustrates the geometrical angular deviation for 
the object as a function of the phase difference, 

Figure 3 shows an antenna arrangement according to the 
invention in a frontal view, 

Figure 4 shows an alternative antenna arrangement 
according to the invention, 

Figure 5 shows a block diagram for a device for measuring 
in, which utilizes an antenna arrangement 
according to the aspect of the invention. 

DESCRIPTION OF EMBODIMENTS 

Figure 5 shows a device for position determination of an 
object which travels along a path. The device comprises an 
amplification and signal-processing unit 17 connected to a 
signal processor 18 and an antenna arrangement 4 with two 
array antennas 1 and 2, the array antennas being arranged 
along a first axis perpendicular to the direction of 
travel of the object. The antenna arrangement comprises 
two arrays of conducting surfaces, antenna elements, 
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according . to Figure 3 . The array antenna 1 is formed of 
the five surfaces, antenna elements, 5-9 in such a way- 
that the antenna elements 6-9 are placed peripherally 
around the central antenna element 5. In the same way, 
array antenna 2 is formed of the central antenna element 
10 and the peripheral antenna elements 11-14. Through the 
output conductors 15 and 16, the antenna elements within 
the respective array are joined together to form the two 
array antennas 1 and 2 . By means of the arrangement 
described, symmetrically arranged around the central 
antenna elements 5 and 10, respectively, these central 
surfaces, in the form of antenna elements, form the phase 
center of the respective array antenna. The distance 
between these two phase centers thus constitutes the 
distance d in Figure 1. 

The width of the antenna 1 extends from the lefthand edge 
of the antenna elements 6 and 8 to the righthand edge of 
the antenna elements 7 and 9 . The width of the antenna 2 
extends from the lefthand edge of the antenna elements 11 
and 13 to the righthand edge of the antenna elements 12 
and 14. If the antennas were placed side by side, this 
would mean that the distance d between the respective 
phase centers 5 and 10 would become at least as large as 
the total width of an array antenna, and in practice more 
since there has to be a certain distance between the 
outermost antenna elements in the respective array antenna 
1, 2. As is clear from Figure 3, however, the distance 
between the phase centers is considerably smaller, which ■ 
thus is achieved by interconnecting the various antenna 
elements, in this embodiment by allowing the array 
antennas to be interwoven with one another. 

The principle described may be utilized also in more 
complicated antenna arrangements. Thus, angle measurement 
may be refined by placing more than two antennas in such 
an arrangement, that is, with the antennas arranged along 
the first axis. The accuracy of measurement is, of -course, 
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improved if it is possible to form the mean value over a 
large number of measurement results. 

Another advantage of using more than two array antennas 
aligned on the same axis is given by the following. If the 
distance d between the centers of two array antennas 
increases, this implies that the distance Ah increases for 
each angle 6. If the distance AL is increased, this implies 
an increased phase difference A(p for each change of angle, 
that is, the resolution is improved. Again, this comes 
into conflict with the requirement for unambiguity . By 
arranging a plurality of array antennas in a row on the 
same axis, for example, three antennas designated A, B and 
C in the mentioned order, the described conflict may be 
solved. By using the measured phase difference from data 
obtained from antennas A and B for the unambiguity and the 
measured phase difference between antennas A and C for 
obtaining an improved resolution, both requirements may be 
satisfied . 

It is also possible to arrange antennas along several axes 
and hence permit measuring in at several planes. By 
placing at least one additional pair of array antennas 
along an axis substantially perpendicular to the first 
axis and substantially perpendicular to the direction of 
travel of the object, a reference angle to the object in 
relation to the antennas may thus be determined in each of 
the two planes, substantially perpendicular to each other, 
which are formed by the object and the respective axis on 
which pairs of antennas are arranged. If, as an example, 
the object consists of a vehicle travelling on a roadway, 
where array antennas are arranged along a horizontal first 
axis at such a height above the roadway that vehicles may 
pass under the antennas, a substantially horizontal first 
plane is defined by the antennas 1, 2 and the vehicle 3. 
In this horizontal plane, an azimuth angle 0 to the vehicle 
may be determined, as described, by determining the phase 
angle (p. By arranging array antennas along a second axis, 
which is perpendicular to the first axis and substantially 
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perpendicular to the roadway, it is made correspondingly 
possible to determine an angle of elevation to the 
vehicle, where the angle of elevation refers to the 
vertical second axis. With knowledge of both the azimuth 
5 angle and the angle of elevation, as viewed from the two 
arrays of antennas, the position of the vehicle in 
relation to the antennas is determined from these angles . 

An alternative embodiment with connection, according to 

10 the invention, between the different part surfaces arises 
by arranging certain antenna elements so as to be included 
in two or more array antennas . The embodiment is described 
schematically in Figure 4 for the case of measuring in in 
two dimensions. In this case, the antenna 20 comprises at 

15 least three array antennas. The array antenna 21 consists 
of the antenna elements 24-26, 28-3 0 and 32-34, where 29 
constitutes the phase center. The array antenna 22 
consists of the antenna elements 25-27, 29-31, and 33-35, 
with 3 0 being the phase center. The array antenna 2 3 

20 consists of the antenna elements 28-30, 32-34 and 36-38, 
with 3 3 being the phase center. Thus, several antenna 
elements are used by more than one array antenna. This is 
made possible by power amplification of the signals 
received from at least these antenna elements and 

25 thereafter by applying power division to the amplified 

signal. In this embodiment, the same short distance d is 
obtained as in the previous embodiment . 



30 



35 
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CLAIMS 



10 



15 



20 



25 



30 



1. A device for determining the position of a vehicle on a 
roadway by using radio waves which are emitted from the 
device and reflected by the vehicle and received by at 
least two array antennas (1, 2) arranged across the 
roadway, characterized in that the array antennas (1, 2) 
comprise a number of antenna elements (5-14), one of the 
antenna elements in the respective array antenna con- 
stituting the phase center (5, 10) of the array antennas, 
and wherein the antenna elements (5-14) of the array 
antennas are connected to one another such that the 
distance (d) between the phase centers (5, 10) of the 
array antennas (1, 2) included is smaller than half the 
width of an individual array antenna (1, 2) . 

2. A device according to claim 1, characterized in that 
the connection comprises interweaving the array antennas 
(1, 2) with each other in that the phase center (5, 10) of 
one array antenna is arranged among the antenna elements 
(11-14, 6-9) of another array antenna (1, 2). 

3 . A device according to claim 2 , characterized in that 
the phase centers (5, 10) of the respective array antennas 
(1, 2) are placed close to each other. 

4. A device according to claim 2, characterized in that 
some of the antenna elements (24-3 8) are at the same time 
connected to more than one array antenna (21, 22, 23). 

5. A device according to claim 4, characterized in that 
signals obtained from antenna elements (24-3 8) which are 
utilized by more than one array antenna (21, 22, 23) 
undergo power amplification, followed by power division of 
the amplified signal on the respective array antenna (21, 
22, 23) . 



6. A device according to any of the preceding claims, 
characterized in that an azimuth angle 6 to the vehicle (3) 
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is determined from an antenna position where at least one 
pair of substantially horizontally arranged array antennas 
(1, 2) is arranged. 

5 7. A device according to claim 6, characterized in that an 
angle of elevation to the vehicle (3) is determined from 
an antenna position where at least one pair of substan- 
tially vertically arranged array antennas is arranged. 

10 8. A device according to claim 7 , characterized in that 

the position of the vehicle in relation to the antennas is 
determined by means of knowledge of the azimuth angle e and 
the angle of elevation. 
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□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 
□ 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BG Bulgaria 

BR Brazil . . . : \ 

BY Belarus 

CA Canada 

CH and LI Switzerland and Liechtenstein 

CN China . . : ." 

CU Cuba 

CZ Czech Republic ; 

DE Germany 

DK Denmark 

EE Estonia 

ES Spain . 

FI Finland 

GB United Kingdom 

GE Georgia . .. i . 

GH Ghana 



GM Gambia 



□ 
□ 
□ 
□ 
□ 
□ 
□ 

□ 
□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 
□ 

js 
□ 
□ 
□ 
□ 



LS 
LT 
LU 
LV 



Lesotho 
Lithuania 
Luxembourg 
Latvia 



GW Guinea-Bissau □ 



HR Croatia 

HU Hungary 

ID Indonesia 

IL Israel 

IS Iceland 

JP Japan 

KE Kenya 

KG Kyrgyzstan '. 

KP Democratic People's Republic of Korea 

KR Republic of Korea 

KZ Kazakhstan 

LC Saint Lucia 

LK Sri Lanka 

LR Liberia 



□ 
□ 
□ 
□ 

IS 

□ 
□ 
□ 
□ 



MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 

MN Mongolia 

MW Malawi ■ 

MX Mexico 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal , 

RO Romania 

RU Russian Federation 

SD Sudan 

SE Sweden 

SG Singapore 

SI Slovenia 

SK Slovakia 

SL Sierra Leone 

TJ Tajikistan 

TM Turkmenistan 

TR 
TT 
UA 
UG 
US 

UZ 
VN 
YU 



Turkey 

Trinidad and Tobago . . . 

Ukraine 

Uganda 

United States of America . 



Uzbekistan 
Viet Nam . 
Yugoslavia 
ZW Zimbabwe . 



Check-boxes 
a national pal 
issuance of this sheet: 



reserved for designating States (for the purposes of 
itent) which have become party to the PCT after 



□ 
□ 



Precautionary Designation Statement: In addition to the designations made above, the applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT except any designation(s) indicated in the Supplemental Box as being excluded 
from the scope of this statement. The applicant declares that those additional designations are subject to confirmation and that any 
designation which is not confirmed before the expiration of 1 5 months from the priority date is to be regarded as withdrawn by the applicant 
at the expiration of that time limit. (Confirmation of a designation consists of the filing of a notice specifying that designation and the 
payment of the designation and confirmation fees. Confirmation must reach the receiving Office within the J 5-month time limit.) 
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Bo* No. VI ' PRIORITY CLA 



Sheet No. .3 



I I Further priority claims are indicated in the Supplemental Box 



Filing date 
of earlier application 
(day/month/year) 


Number 
of earlier application 


Where earlier application is: 


national application: 
country 


regional application:* 
regional Office 


international application: 
receiving Office 


item (I) 

24/06/98 


SE 9802234-6 


Sweden 






item (2) 










item (3) 











The receiving Office is requested to prepare and transmit to the International Bureau a certified copy 

of the earlier application(s) (only if the earlier application was filed with •ehe^Offrce which for the /--in 

purposes of the present international application is the receiving Office) identified above as item(s): . ^ ' 



* Where the earlier application is an ARIPO application, it is mandatory to indicate in the Supplemental Box at least one country party to the Paris 
Convention for the Protection of Industrial Property for which that earlier application was filed {Rule 4. 10(b)(ii)). See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) 

Of two or more International Searching Authorities are 
competent to carry out the international search, indicate 
the Authority chosen; the two-letter code may be used) : 

ISA / 



Request to use results of earlier search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Authority): 



Date (day/month/year) 



Number 



Country (or regional Office) 



Box No. VIII CHECK LIST; LANGUAGE OF FILING 



This international application contains 
the following number of sheets: 

request : 3 

description (excluding 
sequence listing part) 

claims 

abstract 

drawings 

sequence listing part 
of description 



7 

2 
1 

-2 



Total number of sheets 



VST 



This international application is accompanied by the item(s) marked below: 

1. □ fee calculation sheet 

2. □ separate signed power of attorney 

3. [£J copy of general power of attorney: reference number, if any: 

4. fj statement explaining lack of signature 

5. □ priority documents) identified in Box No. VI as item(s): 

6. □ translation of international application into (language): 

7. □ separate indications concerning deposited microorganism or other biological material 

8. □ nucleotide and/or amino acid sequence listing in computer readable form 

9. □ other (specify): 



Figure of the drawings which 
should accompany the abstract: 


Language of filing of the 

international application: 9w<arl-T<3h 


Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate the name of (he person signing and the capacity in which the person signs (if such capacity is not obvious from reading the request). 



. Lir^ cop^g May 28 , 199 




1. 


Date of actual receipt of the purported 
international application: 




2. Drawings: 


3 - 


Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 






| | received: 


4. 


Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 






| | not received: 


5. 


International Searching Authority TC ,. , 
(if two or more are competent): ioA I 




6. j 1 Transmittal of search copy delayed 
I — 1 until search fee is paid. 





Date of receipt of the record copy 
by the Internationa] Bureau: 
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